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Introduction

The TPS54160EVM-535 evaluation module (EVM) helps designers evaluate the operation and
performance of the TPS54160 DC/DC converter as a high-brightness light emitting diode (LED) driver.
The converter is a wide input voltage (3.5-60V), 2.5MHz, non-synchronous, externally compensated, step
down converter capable of 1.5A of output current.
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1.1 Background

The TPS54160EVM-535 provides a high-brightness LED driver based on the TPS54160. The converter is
designed to operate from a nominal 24 VDC £25% input voltage source. This input voltage range is typical
for input supplies derived from rectified 24VAC sources. The converter provides an output current of
700mA with an output voltage sulfficient to drive the four on board LEDs.

2 Schematic Diagram and Bill of Materials

2.1 Schematic Diagram
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Figure 1. TPS54160EVM-535 Schematic Diagram
2.2 Bill of Materials
Table 1. Bill of Materials
Count | RefDes | Value Description Size Part Number MFR
2 C1, C3 10 pF Capacitor, Ceramic, 50V, X5R, 20% | 1210 Std Std
1 Cc2 0.01 pF Capacitor, Ceramic, 50V, X7R, 10% | 0603 Std Std
1 C5 6800pF Capacitor, Ceramic, 50V, X7R, 10% | 0603 Std Std
1 C6 100pF Capacitor, Ceramic, 50V, NPO, 5% | 0603 Std Std
1 Cc7 0.1 uF Capacitor, Ceramic, 25V, X5R, 10% | 0603 Std Std
1 D1 B260-13-F Diode, Schottky, 60V, 2A SMB B260-13-F Vishay
4 D2, D3, |"LW Diode, Platinum Dragon LED White, |0.244 x 0.441 LW Osram
D4, D5 W5SN-JYKZ-5K8L-Z 700-mA inch W5SN-JYKZ-5K8L-Z
(see Note 5 & 6)" (see Note 5 & 6)"
1 L1 68 pH Inductor, SMT, 1.32A, 213 mQ 0.402 x 0.394 MSS1038-683ML Coilcraft
inch
1 R1 1.20 Resistor, Chip, 1W, 1% 2512 Std Std
1 R2 205k Resistor, Chip, 1/16W, 1% 0603 Std Std
1 R4 13.0k Resistor, Chip, 1/16W, 1% 0603 Std Std
1 R5 174k Resistor, Chip, 1/16W, 1% 0603 Std Std
1 R6 4.99k Resistor, Chip, 1/16W, 1% 0603 Std Std
1 Ul TPS54160DGQ IC, DC-DC Converter MSOP-10 TPS54160DGQ TI
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3 Board Layout

3.1 Layout

The following figures show the layout for each layer of the TPS54160EVM-535. The top and bottom layers
of the board are 2-o0z. copper. The top layer is predominantly used to route the high current traces of the
input and output voltages. Some noise sensitive traces, such as the feedback trace, have been routed on
the bottom layer so that they are shielded by the large ground plane on the bottom layer. Board layout is
critical for all high frequency switch mode power supplies. The nodes with high switching frequencies and
currents are kept as short as possible to minimize trace inductance. Careful attention has been given to
the routing of high frequency current loops and a single point grounding scheme is used. Refer to the
datasheet for specific layout guidelines.

@

PDIM GND ADIM GND

Figure 2. Top Assembly Layer
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@

Figure 3. Bottom Assembly Layer
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Figure 4. Top Layer Routing

4 Connector Description
This chapter describes the jumpers and connectors on the EVM as well as how to properly connect, setup
and use the TPS54160EVM-535.

4.1 Input/Output Connector Descriptions

411 J1 - GND, VIN
This header is the return and positive input voltage supply to the converter. The leads to the input supply
should be twisted and kept as short as possible to minimize EMI transmission. Additional bulk capacitance
should be added between J1 and J2 if the supply leads are greater than six inches. An additional 47uF or
greater capacitor improves the transient response of the TPS54160 and helps to reduce ringing on the
input when long supply wires are used.

412 J2 — PDIM, GND
This header is for dimming using pulse width modulation. PDIM is connected to the EN pin of the
TPS54160. Applying a PWM will adjust the average output current proportional to the duty cycle. GND is
connected to the common ground plane.
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4.1.3 J3 — LED+
When using external LEDs, connect anode to LED+.
4.1.4 J4 — ADIM, GND
This header is for analog dimming. ADIM is connected to the SS/TR pin on the TPS54160. The voltage
applied to this pin is used as reference if below the TPS54610 internal voltage reference of 800mV. GND
is connected to the common ground plane. Figure 10 shows the LED current vs. ADIM voltage.
4.1.5 J5 - LED-
When using external LEDs, connect cathode to LED—.
4.1.6 J6 — GND
This header is connected to the common ground plane.
4.1.7 JP1 - OPEN LED
Connect shorting jumper on JP1 to use the on-board LEDs. The user may monitor the LED current by
connecting an ammeter between the two pins. Open JP1 to use external LEDs.
5 Performance Specifications
5.1 Converter Specifications
Table 2 provides a summary of the converters specifications. The converter is designed and tested for VIN
= 24V+25%. Operation at other input voltages is possible but some performance specifications will vary
compared to those shown. The ambient temperature is 25°C for all measurements, unless otherwise
noted.
Table 2. Converter Specifications
Specification Test Conditions Min Typ Max Unit
VIN input voltage range 18 24 30 Vv
Output current 675 mA
Output voltage 14.8 Vv
Loop bandwidth 50 kHz
Phase margin 100 °
Operating Frequency 570 kHz
Maximum Efficiency Vin =24V, lout = 700 mA 90%
Converter enable voltage Vi on Vin rising, lout = 700 mA 17.8 Vv
Converter disable voltage V. oif Vin falling, lout = 700 mA 17.3 Vv
Output current rise time 0.4 ms
5.2 Modifications to the Converter
This converter is meant to show an application of the TPS54160 as an LED driver with the specification
above. For applications with a different input voltage range or different numbers of LEDs, refer to the
application note, How to use the TPS54160 as a High-Brightness LED Driver (SLVA374).
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5.3 PWM Dimming

The brightness of the LEDs can be adjusted by applying a PWM signal to the PDIM pin. The average LED
current is proportional to the PWM signal duty cycle. When PDIM is greater than V,, ., X R4/(R4+R5) the
TPS54160 drives current through the LEDs. When less than V,,, .+ X R4/(R4+R5), the TPS54160 turns off
and stops driving current through the LEDs. Where V,,,, on is the converter enable voltage and V,,, IS
converter disable voltage as displayed Table 2.

5.4 Analog Dimming

ADIM is connected to the SS/TR pin on the TPS54160. The voltage applied to this pin is used as
reference if below the TPS54610 internal voltage reference of 800mV. See Figure 10.

6 Test Results
This chapter provides typical performance waveforms for the TPS54160EVM-535
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Figure 5. Efficiency, Vin=24V
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Figure 6. Output Ripple, Vin=24.0V, lout=675mA, AC Coupled
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Figure 7. Input Voltage Ripple, Vin=24.0V, lout=675mA, AC Coupled
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Figure 8. Start-up relative to EN, Vin=24V, lout=675mA
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Figure 9. PWM Dimming, Vin=24V, lout=675mA
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Figure 10. Analog Dimming, LED Current vs. ADIM Voltage
60 180
50 ] 150
\
40 — ~ 120
I
30 =] \\\ 90
20 T ™ 60
= \
\ \
10 e N 30
s — \ o
8 \\\\ \ =
i —— \ a9 &
10 ~J N 30
. \\\ ANRI PSS
20 X
-30 ~ -90
-40 -120
-50 -150
-60 -180
100 1000 10000 100000 1000000
Frequency - HZ
Figure 11. Loop response, VIN = 24V, lout = 675mA
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Figure 12. Thermal Performance, Top
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Figure 13. Thermal Performance, Bottom
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IMPORTANT NOTICE

Texas Instruments Incorporated and its subsidiaries (TI) reserve the right to make corrections, modifications, enhancements, improvements,
and other changes to its products and services at any time and to discontinue any product or service without notice. Customers should
obtain the latest relevant information before placing orders and should verify that such information is current and complete. All products are
sold subject to TI's terms and conditions of sale supplied at the time of order acknowledgment.

Tl warrants performance of its hardware products to the specifications applicable at the time of sale in accordance with TI's standard
warranty. Testing and other quality control techniques are used to the extent Tl deems necessary to support this warranty. Except where
mandated by government requirements, testing of all parameters of each product is not necessarily performed.

Tl assumes no liability for applications assistance or customer product design. Customers are responsible for their products and
applications using TI components. To minimize the risks associated with customer products and applications, customers should provide
adequate design and operating safeguards.

TI does not warrant or represent that any license, either express or implied, is granted under any TI patent right, copyright, mask work right,
or other Tl intellectual property right relating to any combination, machine, or process in which Tl products or services are used. Information
published by TI regarding third-party products or services does not constitute a license from TI to use such products or services or a
warranty or endorsement thereof. Use of such information may require a license from a third party under the patents or other intellectual
property of the third party, or a license from Tl under the patents or other intellectual property of TI.

Reproduction of Tl information in Tl data books or data sheets is permissible only if reproduction is without alteration and is accompanied
by all associated warranties, conditions, limitations, and notices. Reproduction of this information with alteration is an unfair and deceptive
business practice. Tl is not responsible or liable for such altered documentation. Information of third parties may be subject to additional
restrictions.

Resale of Tl products or services with statements different from or beyond the parameters stated by Tl for that product or service voids all
express and any implied warranties for the associated TI product or service and is an unfair and deceptive business practice. Tl is not
responsible or liable for any such statements.

Tl products are not authorized for use in safety-critical applications (such as life support) where a failure of the Tl product would reasonably
be expected to cause severe personal injury or death, unless officers of the parties have executed an agreement specifically governing
such use. Buyers represent that they have all necessary expertise in the safety and regulatory ramifications of their applications, and
acknowledge and agree that they are solely responsible for all legal, regulatory and safety-related requirements concerning their products
and any use of Tl products in such safety-critical applications, notwithstanding any applications-related information or support that may be
provided by TI. Further, Buyers must fully indemnify Tl and its representatives against any damages arising out of the use of Tl products in
such safety-critical applications.

Tl products are neither designed nor intended for use in military/aerospace applications or environments unless the Tl products are
specifically designated by Tl as military-grade or "enhanced plastic." Only products designated by Tl as military-grade meet military
specifications. Buyers acknowledge and agree that any such use of Tl products which Tl has not designated as military-grade is solely at
the Buyer's risk, and that they are solely responsible for compliance with all legal and regulatory requirements in connection with such use.

Tl products are neither designed nor intended for use in automotive applications or environments unless the specific Tl products are
designated by Tl as compliant with ISO/TS 16949 requirements. Buyers acknowledge and agree that, if they use any non-designated
products in automotive applications, TI will not be responsible for any failure to meet such requirements.

Following are URLs where you can obtain information on other Texas Instruments products and application solutions:

Products Applications

Amplifiers pmplifier.ti.com Audio [vww.1r.com/audid

Data Converters Automotive [vww Tr.com/automofiv
DLP® Products [vww .dIp.comn] Broadband [pww i.com/broadband
DSP Fspicom Digital Control [pww ir-com/digitalcontrol
Clocks and Timers [yww Ti.com/cloc Medical [pww Ti.com/medical
Interface [nferfacedico Military [pww ir-com/military
Logic [oaicTiconi Optical Networking [xww Ti.com/opficalnetwor
Power Mgmt powerfr.com Security vww Tr.com/securt
Microcontrollers nicrocontroller.fi.conj Telephony lvww.tr.com/telephony
RFID [wWwiiirfid-co Video & Imaging [pww i-com/vided

RF/IF and ZigBee® Solutions | {r.com/prl Wireless [vww fi.com/wirelesy

Mailing Address: Texas Instruments, Post Office Box 655303, Dallas, Texas 75265
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